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(BSERVATION OF ULTRAWEAX LUMINESCENCE OF ORGANISMS
IN DIFFERENT GASES AND SUBJECT TO IONIZING RADIATION
AND TEMPERATURE EFFECTS 1

Biofizika Ts. M, Avakyan and N, S, idzhyan
{Biophysics)
Vol.1l, Ko.4, pages 717-722, 1966

After the ultraweak luminescemce of living organisms was observed
[1, 3], the literature carried descripticns of installations [2, 4] and
systems which made it possible to record chemiluminescence by deep freezing
the photoelectric electron-multiplier tuba., Then with the appearance of
photoemplifiers with low thermal noise, [5,6] for the first time use was
made of the photoelectric electron-multinli»r tube (hereafter PEM) 42 without
cooling which made it possible to extend the number of studies devoted to
ultraweak luminescemce. Although one can find in the literaturs deecriptions
of installations without cooling but with magentic defocusing, in this type
the surface of the photocathode is reduced and thus the characterist.ice of
the FEM are reduced in cuality, All the apparatus described which earlier
satisfied ressarchers mist now be more universal and meet hroader require-
ments,

These requirements include a wide range of simultaneous effects on
the test organism by various physical end chemicsl factars, such as various
gases, temperature, irradiation, etec.

The devide which we- somstructed makes it possible to record chemi-
luminescerfce of biosubstratee under the simultaneous effects of various gases,
temperature and X-rays. By using this apparatus it is possible to maintain
a pressurs of up to 30 atmospheras in the recording chanber., This makes it
possible to trace the oxygen effect, the tsmperature coefficient, chemilumin-
escance and to work with various protectors in X-ray work, Not all the recults
achisved and shown in this work indicate that tais appsratus maXws—tt possible
under a oombination of factors to reccrd chemiluminescence from a distance
by using light guides of differcnt designs made of organic optical glass.
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There is no-doubt but that such sn amaratus will make it possible to expand
our concpet of the blolorical ffact of ionizing radiation in stmospheres of
different gases and tempsratures over a brosd range and carry out synthe-
sising studies in the fieid of biocluminescence.

In Fig.l we have the design of the basic gas chamber with an 0.8 liter
capacity, It consists of five basic units: the chamber 31, the light guide 18,
the electromagnet 1-10, the heating plate 36 and the PEM-42 17, The chamber
is & bronse cylinder with an inner diameter of 100mm, At the fore end it is
covered with a metal sover held on by bolts 30. To the resr of the main
chamber is attached a copper cylinder 4l with a diameter of 80mm and a length
of 380mm, Inside the cylinder axle 47 is rotated on teflon bushings by a
servomotor 52 which sets the experimental plate 43 in motion. In order to
reduce to a minimum the effect of the X-rays on the photomultiplier, the
1ight guide and the entire chaisber except for the copper oylinder in the
rear are mowmted in a lead housing,

Inside the main chamber is heating plate 36 which is connected to a
thermostat by tube 34, On the right side of the ch: mber are pipes 24 with
branch tubes 23 to feed in the gases.

In order to control the tsmperature of the test object thermal sensor
33 is installed inside the chamber, The most responsible link in the system
1s the light guide 18 whick inside a conical housing and fastened so that it
will not move upward under critical pressures, The light giide i{s made of
optical plexiglass with minimal light absorption. Although Garvin, Harris and
Bell {9, 10] have described light guides where the light yield is 70-80%, our
design hes greater resolution and produces a yield of light quants of the
arder of 90%. The point of contact of the PEM with the light guide is smeared
with optical glycerine.

In order to maintain a constant operating cycle for the FEM during
prolonged measurement it is desirable not to turn off the current of the FEM,
In order to out out light on the PEM when the foreward cover of the chamber
is open, a metallic blind 29 is fitted inside the chamber in front of the
light guide. The movement of the %lind is controlled remotely by means of
au electramagnet, When the blind shutsy eontact 26 turns on the right electro-
magnet. After the cover of the chamber closes, the left coil of the eleotro-
magnet is turned on and the blind slides back, thus opening the way for the
passage of the light quanta through the light guideto the cathode. As we
can see from Fig. 1 the couoling of the electromagnet and the servomctor
rotor are also under pressure. In this design the electromagnet coupling hus
no contact with the inmer environment and light cannot enter the chamber from
outaide,

Yor .séfety reasons the servomotor rotor is separated from the statar
s aylinder and thus the rotor is under pressure, All the brshings inside
chamber are made of fluoroplast. This can bde explained as due to the
fact that rotating mscharisme lubricated with oil cemnot operate in an oxygen
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Pig. 1 Design of a gas chamber,[See next page)
A - view from the front.
1 - stopper bolt; 2 - gasket; 3 - antishock liner; 4 -
electromagnet winding; 5 - magnetic circuit; 6 - electro-
magnet coil; 7 - guide tube; 8 - slactromagnet oore; 9 -
lead outs; 10 -~ forward stopper bolt; 1l - electromagnet
coupling; 12 - gasket; 13 - holder; 14 - signal contacts;
15 - uoper guide blinds; 16 - light guide holder; 17 - PEH
18 - light guide; 19 - PEM housing; 20 - flange; 21 - flnngo
for festaning PEM housing; 22 - transport tube; 23 - gas
tube; 24 - tube for feeding gas; 25 - bliand socket; 26 -
signal tube contact; 7 - fastener for contact; 28 - lower
guide blinds; 29 - blind; 30 - pegs for fastening forward
cover; J1 - chamber case; 32 - insulation for thermoresistar
contact; 33 - contacts; 34 - branch tube for heater; 35 -
silencer; 36 - thermostat plate.

After the test substance in dish 42 is placed in the main chamber on
the experimental plate 43, chamber cover 28 is closed; the motor is turned
cn and the dish rmoves trom the experimental plate to the end £ the copper
cylinder 41. In this position special contacts in the chamber are closed,
and tube Lg is opened (Fig.2) which has a relay P, in its anode circuit,

By means the first pair of relay P, contacts tée signal tube Ly turns om,
indicating that the dish is ready for irradistion. Irradiation is produced
by apparatus RUM-11 which is inetalled above the dish and fastened solidly
to the copper cylinder. During irradiation the 3mm walls of the cylinder

also serve as a filter for the X-rays. Dosage in the chamber is 45r per
ninute.

Pig. 1 [S« page 5]
B ~ Side view
37 - tube for injecting and exhausting gases
38 - chamber cover
39, 48, 51, 56 - fluoroplast bushings
L0

L)
Ll

47 - drive axle

49 - cylinder rear cover
&N « yreducer

52 - motor axle

53 - statar

54 - rotor

55 - edditional rotor yoks

.
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Fig. 2 Basic schematic for chamber control.

« 500 ohms; R, - 56 kilochms; 83 - 160 kiloohms; R, - 33 kiloohm ;

= 56 kiloohms; Ry - 160 kiloohms; R, - 37 kiloohms; Rg - 220 kiloohms;

- 47 kiloohms; Ryg - 56 kiloohms; Ryy - 160 kiloohms; Ry - 56 kiloohms;
= 160 kilochme; Ry;-R1 - 11 kiloohms; Cy - 2; Gy - 40; Gy - 40 Cy - 10
O5 - 600; Og - 300; Dy and Dy - D72hy Dy - D205; D, - D306; 11 - L, - Tge0,2
15 and Ig « 6P15P; Ig and L) - Ty - 0.2 Py - Py -RPT -~ 100; P, = Py _ men,

B

Keys A - elestric motor
B = 220 volt cirouit
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The second pair of contacts of relay P, are used to close relays
Py and Py, Relay P, serves to change the polarity of the motor and relay P,
is used to feed direct current to the motor windinz. In order to move the
dish into the ™measure" position button K, is pushed. This closes relay P,
whioch in turn turns on the motor, Signal tube L, turns on when ths dish is
on ths way, regardless of what position the dish is moving toward. When the
dish moves into the "measure™ position special contacts in the chamber close,
tube Ig goes on which has relay P, in its anode circuit, Signal lamp Lﬁ

9

- goes on indicating that the dish in the "measure®™ position, Relays

and P, are closed. Relsy P9 performs the sams function as relay P,, Signal
light I, indicates the closing or opening of the PEM blind,

Results of measurement

As the result of a number of model exp eriments it was determined that
the use of this inatallation makes it possible to record chemiluminercerce
during the simultaneous operation of various chemical and physical factors
which are undoubtedly of value in these studies,

In Fig.3 we 3ee the intensity of luminescence of oleic acid as a
function of time; after preparatory chilling to -5° we recorded light quanta
reliably exceeding that of the anparatus background, Our data for low
temperatures do not correspond to data provided by Zhuravlev (11] tn which
the luminescence of lipids decreased upon chilling to 20 - 30°, Here, however,
the fdllowing may be admitted: although the chemiluminescence of oleic acid
is recordei at low temperaturss, it is possibls that this is related to
oxidative prooesses, As in work mentioned in [11], we found identical data
for temperatures of 20 - 60°,

I s
n»
g

1/
a

L N
R R A B )
. &4

Fig. 3 Intensity of chemiluminenrcence of oleic acid as a function
of time.

Key = A - signal noise




Ae shown in Fig. 4 when Y-rays act in a 2000r dose on oleic acid there
is a spuwrt in luminascence which quickly exti "uishes; in this experiment
temperature was kept constant at 37°,

Accarding to the vresentations of Tarusov (3], an important evidence
of radiation damage are oxidative changes in lipids. As seen from the line,
even with a 2000r dose there is a spurt in chemiluminescence irmediately
after irrediation which lasted for ssveral minutes in our apparatus and
indicates the poesibility of oxidation.
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Pig. 4 Chemiluminescerce Fig. 5 Change in Fig. 6 - intensity ol
of oleiec asid under cheniluminescence chemilurinescence
X-rays of oleic scid with ss a function of
Keys A - signal/noise simultanecus effect time {n an atmosphere
B - ¢tize in mipns of X-rays and of nitrogen snd air
nitrogen Keys A - pulses per
Key: A - pulses rinute
per 10 secs B - air ’
B - irradiation C - nitrogen - 6 at
C - nitrogen D - tine in nime

D-~ time in mina

As we know, when bdioaubstrates are irradiated one may also observe
the excitation state in molecules which may produce luminescance in a msta-
stadle state. We set up such ar experirment with the simultaneous sction of
tvo factars: nitrogen and X-rays, It was found that the spurt {n chex!lumin-
esoence which was observed in an axygen atmosphers (Fig.i) wss greatly sup-
in a nitrogen atascsphere (Fig.5); when nitrogen uressure and X-rays were
oliminated and eid fad into the chamber there was a gradual restorstion of
cheailuninescence,
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A single-typs line (Fip.6) wr3 obteined in the experirent where oleie
acid was acted upon only by nitrogen., Immediately after the oleic acid was
placed in the chamber the first chem!{lu~inerscence was recorcded, Then the
chamber was ventilated with nitrogen for 15 minutes after which the pressure
was brought up to 6 atmospheras and luminescence was recorded, Although
luminescence declined rapidly, it did not reach the level of apparatus back-
ground which during measurement time remained constant at a level of 150
pulses per minute. Chemiluminescence was recorded for 90 minutas hv +urping
on the air feea system,

As we can see from the drawing, the line has a two-phase nature - the
repid drop in chemiluminescence [1) and after the replacement of nitrogen by
air a slow restaration [2] which gradually reaches the ariginal level, There
can be no doubt, these experiments are indications of the possibility and
usefulness of the chamber which, as we can see from the data obtained,
may be successfully used in biophysicsl experiments.
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Feceived by the editor
2 September 1965
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